Introduction
Heart failure is a common and important condition in old age. Ischaemic heart disease has generally been assumed to be the main cause.
However, Pomerance (1965) in an extensive systematic study showed that, although an important cause, ischaemic heart disease accounted for less that 50%/ of cases of heart failure. Her most striking finding was that elderly patients with heart failure had a multiplicity of pathological findings which made the assessment of the cause very difficult.
Atrial fibrillation is also common in the elderly and similarly appears to have a variety of causes (Davies, 1976) . It is considered as playing an important role in the development of heart failure in elderly patients (Caird, 1976) .
With the present study it was sought to elucidate the multifactorial basis of heart failure and atrial fibrillation and their interrelationship in a prospective clinico-pathological study of the elderly.
Patients and methods
The study was part of a larger prospective investigation of heart disease of the elderly based on all patients admitted to the geriatric department of Northwick Park Hospital who were examined post mortem during the study period [1971] [1972] [1973] [1974] [1975] . The present series comprises 164 patients for whom a technically satisfactory ECG record was available in addition to full clinical records and detailed postmortem examination of the heart carried out by one pathologist (A.P.) using methods described elsewhere (Denham, Pomerance and Hodkinson, 1977; Hodkinson and Pomerance, 1977) . In particular, this included a careful search for cardiac amyloidosis .
Statistical analysis utilized a standard method of multiple logistic analysis with maximum likelihood estimation (Nelder, 1975 for each). However, in both cases lower not higher pressures are associated with heart failure! This suggests that the changed pressures are an effect of heart failure rather than a cause. In any event, blood pressure failed to exert a significant independent effect when combined with other significant factors, namely atrial fibrillation, ischaemic heart disease and amyloidosis. The multiple logistic analysis for these 3 factors is shown in Table 1 . Table 2 shows these 3 significant factors alone and in combination in those patients with and without heart failure. Only 19.7/o of heart failure cases are not 'explained' by the presence of one or more of the 3 factors and it can be seen that, although there is a higher incidence of heart failure within all pathological categories, the excess is most striking where 2 or 3 pathologies occur together. Thus, the factors appear to have an additive effect in predisposing to heart failure. Sex, age, heart weight and all categories of aortic and mitral valve disease make no significant contribution to the prediction of heart failure when combined with the 3 significant factors (atrial fibrillation, cardiac amyloidosis and ischaemic heart disease). This was also true of left bundle branch block although this factor did show a borderline association when tested independently (P< 0-1). However, there were only 14 cases of left bundle branch block of whom 9 had heart failure. (Table 3) . Heart weight, which seems more likely to be a consequence of atrial fibrillation rather than a possible cause (Hodkinson, Pomerance and Hodkinson, 1979) Nevertheless, the multiple logistic analysis technique used in the present study, although it shares this unavoidable limitation, offers an appropriate method for the analysis of causes of heart failure and atrial fibrillation in old age as both have been thought likely to have a multifactorial basis (Pomerance, 1965; Davies, 1976) . This study supports the view that both have a multiple aetiology. In the case of heart failure, atrial fibrillation and ischaemic heart disease and cardiac amyloidosis are shown to be the key factors. Atrial fibrillation and ischaemic heart disease are well recognized factors (Caird, 1976) and cardiac amyloidosis has also been shown to be an important cause of heart failure in old age . However, the additive effects of these 3 factors have not been demonstrated previously. The failure to find a significant association between hypertension and heart failure in the elderly patients in this study may appear surprising, Kannel (1974) having shown it to be an important aetiological factor in middle life. However, the present analysis relied on blood pressure measurements during the patients' final admission. These may, however, have been lower than previous levels, falls in blood pressure having been shown both in populations and in individual cases with advancing age or with progression of vascular disease in the hypertensive subject (Miall and Lovell, 1967; Pickering, 1965 heart disease, cardiac amyloidosis and mitral valve ballooning ('floppy valve') are shown to be the dominant factors in aged patients. All these are recognized factors (Davies, 1976) but the additive and interaction effects have not been shown hitherto. It is not easy to account for the interaction between age and amyloidosis, i.e. that age only correlates with atrial fibrillation when amyloidosis is absent whilst amyloidosis appears to have a stronger independent action. Davies and Pomerance (1972) have shown that age is associated with a decrease in the amount of muscle in the sino-atrial node and internodal tracts which offers a pathological basis for an age effect in atrial fibrillation but leaves the interaction with amyloidosis unexplained. One could speculate that age and cardiac amyloidosis could both correlate with some third factor which had a more direct causal relationship to atrial fibrillation. Then age might contribute no extra information given that the stronger marker, cardiac amyloidosis, were present. Alternatively, amyloidosis might protect sino-atrial node and tracts from age associated atrophy in some way. In contrast, the interaction between ischaemic heart disease and mitral valve ballooning in atrial fibrillation is multiplicative, the factor having no effect in isolation but having a powerful combined effect. There is no obvious explanation as to why they should behave in this way rather than have simple additive effects like the factors in heart failure and the remaining factor combinations in atrial fibrillation.
